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INTRODUCTION
An effort is made to maximize the percentage of power intercepted by the subreflector of a Cassegrain antenna system. The technique employed seeks to improve the beam efficiency of the primary feed by shaping its radiated pattern in such a way as to illuminate the hyperboloidal subreflector with a pattern whose chief characteristics are a flat top and steeply sloped sides.
The accompanying phase is also calculated at a distance R which represents the separation between the primary feed and the subreflector. This paper will describe the method used to design a feed with the characteristics stated above. A number of theoretical antenna models are calculated; one of these antennas was built and its measured data compared with the theory. A technique for correcting the primary feed phase deviation is also described. In addition, calculated estimates of percentage of pri- In an effort to approach this efficiency and still maintain the aforementioned advantages of the Clavin feed it was considered feasible to shape a reflecting surface to the Clavin feed radiation in order to obtain a highly efficient flat-topped secondary radiation pattern.
A paraboloid aperture diameter of ten wavelengths was used to illuminate Haystack's subreflector with an average 12 db edge illumination. It was realized that in order to maintain sufficient gain after reshaping a reflector, the aperture diameter would need to be greatly increased. Thirty wavelengths was arbitrarily chosen as a new reflector diameter. The focal length of the feed was set such that the shaped reflector subtends an angle of l80° at the feed to obtain a maximum interception of incident power by the reflector.
The expression for determining the shape of a line to be used in designing the reflector configuration is found as follows. 13-62-3986 REFLECTOR SURFACE ► Z Fig. 1 . Ray Geometry at reflector surface.
The relationships of the angles t and 9 and the curve shape is seen from the figure to he pdt 2 (1) and the integral is
The angle 0(»lO must be determined before the above expression can be used. 
It is the parameter 9 p which is used to determine 9(\Jr).
As an initial approximation, the angle 9 = 6.7 was chosen because it was desired that all of the power in the secondary pattern be included within a cone whose half angle is 6.7 . The illumination function used in the calculation is the power distribution of the Clavin feed. With the 9(\|r) calculation completed it is now possible to insert these values into the equation for I, p/p and compute the line shape. When this line is rotated about the focal axis through 360 the surface of the specially shaped reflector is generated.
II. CALCULATION OF CURVED REFLECTOR RADIATION PATTERN
The scattered field E will he calculated starting with the expression derived in Silver The total distance to point P from phase reference point 0 by way of point A on the reflector is p + R. 
To evaluate ds, the elemental area, refer to Fig. k .
Elemental projection on reflector surface.
The projection on the reflector surface is ds ds = [(pdf) 2 + (dp) 2 ] 2 p sin* dt (10) and for a circular aperture
<t> -
Phase Correction;-The phase front of a spherical wave at the subreflector is a locus of constant phase described by a radius R . The Cassegrain antenna system transforms the primary spherical wave illumination over the subreflector into a spherical wave illumination over the paraboloid which appears to originate from the common paraboloid and hyperboloidal focii. In this way the reflector system produces a collimated wave front whose rays are parallel to the focal axis. The shaped reflector phase front is not spherical. Figure 5 and o Figure 7 shows plots of beam efficiency as percent power vs. angle 6. Of interest is the percentage of power within 6.7 which is half the angle subtended by the subreflector at the primary feed. The first approximation of 9 =6.7 is the poorest at 50 percent power. However, it is seen that curve shapes of 9 = ^.5 and less indicate greater than 80 percent beam efficiency.
In fact, the 9 = 3.0 curve indicates that 92 percent of the power would be intercepted by the subreflector. It will be assumed that the remaining 8 percent is lost in the side lobes and in the small cross polarized component (-30 db). 7 Also calculated was the aperture efficiency T] which would result from these various shapes by again assuming a circular beam cross section and correct phase. The following table lists these results. The 120-foot Haystack Cassegrain antenna aperture efficiency obtained with a series of Clavin-feed paraboloids has been determined to be 60 percent.
This aperture efficiency does not take into account losses due to (l) aperture block, (2) errors in the surface of the surface of the subreflector and the 120-foot paraboloid and (3) 
